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I. Introduction 
CCA pyrophosphorylase catalyses the reaction: 
(tRNA) pCpCpA + 3 PP -~ (tRNA) + 2 CTP + ATP. 
It has been purified from E. coli [1, 2], rat liver [3], 
and yeast [4]. These enzymes act on the various amino 
acid specific tRNAs, from the same and also from dif- 
ferent organisms. Also unfractionated mixtures of 
tRNA fragments were found to accept pA with CCA 
pyrophosphorylase from E. coli [5]. It was recently 
observed that the enzyme adds pC and pA also to the 
RNA of Turnip Yellow Mosaic virus, which is probably 
due to a tRNAVal-like structure at the 3'-end of this 
RNA [6]. For its normal substrate, namely tRNA, 
CCA pyrophosphorylase requires certain structural 
features: the fourth nucleoside from the 3'-end must 
still be present when the pCpCpA sequence is to be 
added, the enzyme also seems to require that the tRNA 
is in its native conformation; denatured tRNAL~ uof 
yeast is a very poor substrate [7]. 
In an attempt to define the regions of tRNA which 
are essential for the recognition by yeast CCA pyro- 
phosphorylase we studied the pC and pA incorpora- 
tion into deTmed fragments of yeast RNA ser and 
tRNA Phe. The finding of pC and pA acceptance by half 
and three quarter molecules alone and by combinations 
with heterologous counterparts clearly distinguishes 
the recognition requirements ofthe CCA pyrophos. 
phorylase from those of the aminoacyl tRNA synthetase 
(summary e.g. [8]). 
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2. Materials and methods 
Unfractionated tRNA from brewer's yeast was a 
product of Boehringer Mannheirn GmbH. Yeast 
tRNA set [9] and tRNA/'he [10] were prepared as in 
the references. F 1-34/Sr (pG to anticodon, about 
2/5 of the molecule) and F 36-83/Ser (anticodon to 
abceptor stem, terminal pA and about 1.3 terminal 
pC missing, about 3/5 of the molecule) were prepared 
from pCpA-depleted [ 12] tRNA Set by partial T 1 
RNase digestion [9] and subsequent preparative disc 
electrophoresis (F. Fittler, unpublished). Treatment 
of tRNA Phe (HC1) with aniline [11] gave F 1-36/Phe 
and F 38-76/Phe (approximately half molecules). The 
fragments F 1-15/Phe (laG to hU region, about 1/5 of 
the molecule) and F 17-73/Phe (hU region to acceptor 
stem, terminal pCpCpA missing, about 3/4 of the 
molecule) were prepared by partial T2 RNase digestion 
of tRNA Phe [13] ; F 17-73/Phe had been treated with 
phospho monoesterase. Splitting in the anticodon re- 
gion of tRNA Phe with pancreas RNase yielded F l -  
33/Phe and F 34-74/Phe [13, 14]. 
CCA pyrophosphorylase (EC 2.7.7.25) activity was 
assayed by incubating for 10 rain at 37 ° in 0.1 ml: 
0.75 A260 units pCpA.depleted [12] yeast RNA, 
0.01/~mole 3H-CTP (100 Ci/mole), 1.5 lanoles MgCI~, 
2.0/zmoles glycine-NaOH pH 9.0, 0.1 wnole gluta- 
thione, 1.0/zg albumin, and the specified amount of 
enzyme; radioactivity was determined on ffdter discs 
[15]. 1 unit of enzyme incorporates 1/zrnole pC/min 
under these conditions. 
The CCA pyrophosphorylase from brewer's yeast 
(11 mU/A26o unit; 90-100 fold purified) was a side 
fraction in the procedure for the isolation of Ser 
tRNA synthetase (modified by Hirsch [4] ). 
289 
Volume 11, number 4 FEBS LETTERS December 1970 
r2 RNale 
rt ~==e"~.. hU ~G A 
16 
hU 
G 
GGA 
AOH 
C 
~4 C , - - -  r 2 ~=,  
~3A 
pOl~ C 
C~G 
G~C 
G~U 
A~U 
U~A 
U~AGACAC cU 
u I I I  I I  .,A O 
C U ~, ~G "sC U G U G T ttl C 
I I I I  Cu 
o A o _C°c--o .G'o 
C- -G  
A- -U  
A - -¥  
U~ 37 y 
Pankre~l$ RN~te~ A A 
Fig. 1. Sites of splits in a cloverleaf model of yeast RNA Phe 
[16]. 
Assays of pC and pA acceptance by tRNA frag- 
ments were carried out as follows (see also figure 
legends): mixtures of about 30 pmoles of the accep- 
tor fragment and various amounts of the pG frag- 
ments were heated to 70 ° for 1 min in 0.1 ml con- 
taining 0.01 tanole ~ *C-ATP (100 Ci/mole) and 0.02 
/zmoles aH-CTP (100 Ci/mole); other ingredients as 
above, without enzyme; the solution was then kept at 
37 ° for 15 min, brought o 20 ° and, after addition of 
36/aU enzyme, incubated for the times indicated in 
the legends; immediately before stopping the reaction, 
0.5 A260 units carrier RNA were added; the radio- 
activities were determined on filter discs [ 15 ]. 
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Fig. 2. Densitograms of parallel disc electrophoretic separa- 
tions [10] of a) F 34-74/Phe, b) F 1-33/Phe, c) F 17-73/ 
Phe, and d) F 1-15/Phe. 
3. Results 
The CCA pyrophosphorylase experiments were 
performed with 2 fragments from tRNA set which had 
been prepared by a chain scission in the anticodon and 
with 5 fragments from tRNA Phe (fig. 1). Only frag- 
ments which were well separated from other fragments 
and from total tRNA on column chromatography and/ 
or preparative disc electrophoresis had been selected. 
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All fragments were pure according to disc electro- 
phoresis (fig. 2) and oligonucleotide analyses; 1and 
5%, respectively, of contaminating ucleotide material 
would have been detected with these methods• Mix- 
tures of pCpA- or pCpCpA-depleted half or three quar- 
ter molecules with the corresponding pG halves 
accepted 55-90% of the theoretical amount of pC and 
pA (fig. 3-5).  When one quarter is missing, as in the 
three quarter molecule derived from tRNA Phe (fig. 4) 
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Fig. 3. pC and pA acceptance (open and full symbols, respectively) of27 pmoles = 0.01 A26o unit F 34-74/Phe (o), and of combi- 
nation of 27 pmoles F 34-74/Phe with 60 pmoles = 0.011'A26o units F 1-15/Phe (o, s), with 60 pmoles = A26o units 
F 1-36/Phe (zx, A), and with 60 pmoles = 0.022 A260 units F 1-34/Set (%v). 
or in mixtures of a half molecule with a quarter (fig. 3), 
up to 35% pC and 20% pA acceptance was found. 20-  
90% pC and pA acceptance was observed when the ac- 
ceptor fragment was derived from tRNA Phe and the 
pG half from tRNA set (figs. 3 and 4) while in the 
reverse case, 7-15% incorporation was obtained (fig. 5). 
pC incorporations into the depleted CCA halves alone 
were small (10-12%) but significant (figs. 3 and 5). 
Analogous results (not shown here) were obtained with 
a fragment of tRNA Phe, F 38-74/Phe, which was pre- 
pared by chemical methods (chain scission with acid 
and aniline [ I0] ,  isolation F 38-76/Phe [11], two 
Whitfeld degradations [17] ); 25% pC and 12% pA ac- 
ceptance was found with that fragment alone. Less 
than 0.2% pC and pA acceptance was observed when 
the pG halves alone, F 1-36/Phe and F 1-34/Ser, were 
assayed. In some experiments he pC and particularly 
the pA acceptance of F 34-74/Phe, F 17-73/Phe, and 
F 36-83/Ser alone decreased on prolonged incubation 
while, in most cases, it stayed at a plateau level when 
these fragments were combined with their counter- 
parts. This is explained best by a nuclease contamina- 
tion in the CCA pyrophosphorylase pr paration. 
4. Discussion 
Since amino acid acceptance has been found up to 
now only when the 5'-part of the acceptor stem was 
present and when the fragments were derived from 
tRNAs specific for the same amino acid [8], the CCA 
pyrophosphorylase from yeast, apparently, has less 
stringent requirements in tRNA or fragment recogni- 
tion than the aminoacyl tRNA synthetases. It cannot 
be excluded that small amounts of complementary 
oligonucleotides in the half and three quarter mole- 
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Fig. 4. pC and pA acceptance (open and full symbols, respectively) of (a) 30 pmoles = 0.015 A260 units F 17-73/Phe (D, =); 30 
pmoles F17-73/Phe plus 60 pmoles F 1-36/Phe (zx, ); F 17-73/Phe plus 60 pmoles F 1-34/Ser (v ,v); (b) combination of 30 
pmoles F 17-73/Phe with increasing amounts of Fl-15/Phe (% e) and F 1-36/Phe (zx, A) after 45 rain incubation. Incorporation 
values of F 17-73/Phe alone were subtracted throughout. 
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Fig. 5. pC and pA acceptance (open and full symbols, respectively) of(a) 33 pmoles = 0.015 A260 units F 36-83/Ser (o,.);  33 
pmoles F 36-83/Ser plus F 1-34/Ser (v, v); 33 pmoles F 36-83/Ser plus 60 pmoles F 1-36/Phe (4, A); (b) combinations of 33 
pmoles F 36-83/Ser with increasing amounts ofF  1-34/Ser (v,v) after 60 min incubation. Incorporation values of F 36-83/Ser 
alone subtracted throughout; (c) increasing amounts ofF 36-83/Ser (% e) after 60 rain. 
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cules, which escaped our methods of  analysis, con- 
tributed to the pC and pA acceptance by these frag- 
ments. But since this explanation is rather unlikely, 
we consider for the time being the activity of the 
fragments as a fact. According to differential melting 
curves (analogous to [18] ; F.Fittler and R.RSmer, un- 
published) and disc electrophoresis (similar to [19] ), 
F 1-36/Phe and F 36-85/Ser associate in solution 
while no association between F 1-34/Ser and F 38-  
76/Phe was detected. The finding that CCA pyrophos- 
phorylase recognizes also the latter combination may 
be explained by assuming that a small amount of  asso- 
ciation products present in the equilibrium reacts 
with the enzyme. The enzyme may also promote the 
association and/or stabilize the complex between the 
fragments. 
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